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ABSTRACT 
The effectiveness of using constructed wetlands to remove unwanted nutrients, 
increase dissolved oxygen while at the same time decreasing the biological oxygen 
demand, and to reduce the levels of the Fecal Coliform Bacteria from a swine operation 
was evaluated. The indicator of proper waste purification will be the result of testing for 
the following: ammonia nitrogen, nitrate nitrogen, total phosphorus, total suspended 
solids, dissolved solids, dissolved oxygen, biological oxygen demand, and Fecal 
Coliform Bacteria. 
The wetland was divided into nine connected cells that covered approximately 3.8 
hectares. Material was loaded from an anaerobic holding lagoon on four separate 
occasions during the testing period. As the material passed through the wetland, the 
vegetation, water column, substrate, and microbial populations functioned as the 
purification factors in the wetlands. During the sampling period, water was collected 
from each cell and analyzed for results. 
The data indicated that the constructed wetlands were effective in the waste 
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management at a large swine production unit. Ammonia nitrogen showed an acceptable 
decrease, allowing nitrogen to be freed or converted into nitrate nitrogen. Total 
phosphorus and dissolved solids showed an expected decrease. Total suspended solids 
showed an overall decrease from the upper cells to the lower cells; however, results 
fluctuated during the testing period. Dissolved oxygen and biological oxygen demand 
showed an almost perfect inverse relationship with dissolved oxygen increasing as 
biological oxygen demand decreased. The removal of Fecal Coliform Bacteria was the 
most impressive, with the majority of bacteria being removed in the upper cells. 
IX 
EVALUATION OF CONSTRUCTED WETLANDS 
FOR THE WASTE MANAGEMENT 
OF A LARGE SCALE SWINE PRODUCTION UNIT 
INTRODUCTION 
Polluted water has the ability to dramatically impact human health and the 
environment. Therefore, health and environmental problems have greatly increased the 
concerns about water quality in rivers and streams. 
Traditionally, agricultural practices have been blamed for non-point source 
pollution. Animal waste in particular has been seen as highly concentrated and with an 
equally high potential for pollution. Since this concern can be directly related to the 
swine industry, swine waste pollution will be the focus of this study. The use of 
constructed wetlands as a highly efficient, low cost waste management system will be 
examined. 
Some recent researchers have taken the traditional view of wetlands and have 
begun duplicating the natural purification process in constructed wetlands. Presently, 
constructed wetlands treat wastewater from urban stormwater runoff, home and small 
cities, mine drainage, livestock production, and various other industrial sources. Water 
purification by the wetland system has been proven to occur through a combination of 
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physical, chemical and biological processes. In order for these processes to work, 
researchers believe that vegetation, water column, substrate, and microbial populations 
must be in proper relations one to another. 
With the factors of this study under consideration, there is good reason to believe 
that constructed wetlands will remove unwanted nutrients, increase dissolved oxygen 
while at the same time decreasing the biological oxygen demand, and reduce the levels of 
the Fecal Coliform Bacteria. 
Eight indicators of proper waste purification will be considered in this evaluation 
of constructed wetlands. 
• Ammonia 
• Nitrate 
• Total Phosphorous 
• Total Suspended Solids 
• Dissolved Solids 
• Dissolved Oxygen 
• Biological Oxygen Demand 
• Fecal Coliform Bacteria 
The purpose of this study was to gather data from swine waste as it passes into the 
wetland cells, and then at random intervals as it works its way through the wetlands, 
using the eight indicators to study the effect of constructed wetlands on swine 
wastewater. A secondary purpose of this experiment was to determine if there were areas 
in need of further and more detailed study. 
REVIEW OF LITERATURE 
INTRODUCTION 
Animal waste can directly affect the quality of water, particularly in areas where 
livestock production is highly concentrated. Developing innovative, economically sound, 
resource conserving, and environmentally sound waste management technologies is 
important to minimize water quality problems and still promote profitable agriculture 
(Clanton 1994, 44-45; Crumpton, Isenhart, Fisher 1993, 283; McCaskey, Eason, 
Hammer, Pullin, Payne, Bransby 1992; Soil Conservation Service 1991, 1-2). Model 
constructed wetlands have shown potential for this function (Crumpton, Isenhart, Fisher 
1993, 283; McCaskey, Eason, Hammer, Pullin, Payne, Bransby 1992; Riggle 1991, 64-
66). 
Polluted water has detrimentally impacted the health and environmental quality of 
human societies throughout the world. State and federal legislation has resulted from 
public concern during the last twenty years causing regulation of waste water discharges 
and providing financial assistance for waste treatment facilities (Gearheart, Higley 1993, 
561-562, 566; Hammer, Pullin, McCaskey, Eaton, Payne 1991, 343). Consequently, 
substantial progress has been made for treatment of point source discharge, especially 
from larger cities and industries (Gearheart, Higley 1993, 561, 566; Hammer, Pullin, 
McCaskey, Eaton, Payne 1991, 343; Riggle 1991, 64-66). 
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Section 208 of the United States Federal Water Pollution Control Act 
Amendments of 1972, Public Law No. 92-500, mandates the "development of water 
quality management plans to control non-point source pollution from agriculture, 
including land application sites" (Vellidis, Lowrance, Smith, Hubbard 1993, 223). This 
mandate resulted in considerable research being devoted to this topic and numerous 
strategies evaluated and refuted (Soil Conservation Service 1991, 1; Vellidis, Lowrance, 
Smith, Hubbard 1993, 223). 
Traditionally intensive agricultural land use has been considered the potential 
cause of non-point source (NPS) pollution (Crumpton, Isenhart, Fisher 1993, 283; 
Hammer, Pullin, McCaskey, Eaton, Payne 1991, 343; Vellidis, Lowrance, Smith, 
Hubbard 1993, 223). "NPS pollution was reported as the principle remaining cause of 
water quality problems in six of ten EPA regions in 1982. Agriculture activities (i.e., 
animal waste management, erosion, and tillage practices) were considered the most 
pervasive problems in all regions. In 1984 officials from 49 states reported that 29 
percent of lakes and reservoirs assessed were moderately to severely impaired by NPS 
pollution, principally from agriculture activities involving total suspended solids and total 
dissolved solids" (Hammer, Pullin, McCaskey, Eaton, Payne 1991, 343). 
POTENTIAL SWINE PROBLEM 
As swine production has become more concentrated on smaller land tracts, the 
challenge of managing swine waste has increased. Sources of water pollution from 
animal production systems can be from direct discharge, diffuse runoff, seepage or 
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percolation of pollutants to surface or groundwater. Therefore, animal waste has been 
viewed as a " two-edged sword" which on one hand has provided an opportunity to 
recycle nutrients to the soil for crop use; however, on the other hand when managed 
improperly, these same nutrients have caused complications in the environment 
(University of Kentucky 1988, 1). 
Agriculture makes intensive use of both land and water and thus has potential for 
serious interactions with the environment if not managed properly. In recent years, 
several studies have raised concerns over the quality of water supplies in the United 
States. Consequently, both the federal and state governments have enacted various forms 
of environmental protection laws that have regulated livestock production systems. 
These laws have given special attention to controlling the methods of handling and 
disposing of animal wastes, and have facilitated the maintenance of water quality 
(University of Kentucky 1988, 1). 
KENTUCKY ENVIRONMENTAL PROTECTION LAWS 
"Laws and regulations designed to protect the health and safety of the public as 
well as the environment are generally referred to as environmental laws. The real 
purpose of these laws are the goals they promote — protecting the quality of our water, 
land and air" (University of Kentucky 1988, 2). 
Kentucky Water Quality Laws 
"Animal waste management research has been encouraged by a variety of 
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environmental pressures and public concern about the impact of livestock production on 
environmental quality. Advances in livestock pollution control technology have been 
accompanied by demands for increasingly stringent environmental protection. 
Technologies have evolved making water quality protection an achievable goal. Further 
work is under way to more effectively utilize stock waste constituents and to devise 
systems more compatible with sophisticated livestock production techniques" (Miner 
1975, 378). 
"The goal of the Clean Water Act is to restore and maintain the chemical, 
physical, and biological integrity of the nations water. It is a federal-state partnership. 
Under the terms of the statute, states are invited to take on the powers and responsibilities 
of the federal statute including administration of the National Pollutant Discharge 
Elimination System" (Plater, Abrams, Goldfarb 1992, 247). 
"In 1986, the National Water Quality Inventory: Report to Congress indicated 
non-point source pollution had become the dominant impairment in estuaries, rivers and 
lakes throughout the United States. Agricultural activities are considered one of the 
primary sources of non-point pollution" (University of Kentucky 1988, 3). A major issue 
was how to make non-point source pollution control provisions more effective. 
Environmental groups urge adoption of more stringent regulatory actions to control 
practices involved in disposing of animal wastes" (University of Kentucky 1988, 3). 
"According to Kentucky Revised Statute (KRS) 224.005(24) (b), solid waste may 
include agriculture animal waste if Division of Water (DOW) so determines. KRS 
224.005 (27) specifically enumerates agricultural waste as a pollutant. Under KRS 
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224.033 (4) (24), DOW is authorized to establish a comprehensive waste management 
plan, consistent with the environmental policy of the Commonwealth, to ensure that 
wastes are properly collected, stored, processed, transported, disposed, and recycled. In 
the area of animal wastes, the DOW may establish a management plan whereby permits 
are issued for discharge into the artificial or natural waters of the commonwealth, 
pursuant to KRS 224.033 (19). Although, KRS 224.005 (25)(a) specifically excludes 
livestock waste from being classified as a pollutant. As such, it can be regulated as 
permitted pursuant to KRS 224.060. More specifically, KRS 224.70-110 states: No 
person shall directly or indirectly throw, drain, run or otherwise discharge (pollutants) 
into the waters of the Commonwealth" (University of Kentucky 1988, 3-4). 
Kentucky Air Quality Laws 
"Pollution was labeled a nuisance as early as 1611 when an English Court 
affirmed the granting of an injunction and damages to the plaintiff upon a showing that 
defendant had erected a 'hogsty so near the house of the plaintiff that the air thereof was 
corrupted.' At common law, it was not a personal right to breath clean air, but rather a 
property right which was protected in a nuisance action" (Giblin 1975, 64). 
The federal government has required that each state government create and 
enforce a state implementation plan, which assigns permitted levels of emissions for all 
air pollution sources in the state, calculated so as to reduce the overall ambient level of 
those pollutants in the locality down to the basic federal primary standard for each 
pollutant (Plater, Abrams, Goldfarb 1992, 245, 246). 
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"The Kentucky Administrative Regulations (401 KAR 50-65) contain little 
information about the regulation of odors from agricultural facilities. The odor regulation 
(found in appendix A of 401 KAR 53:010, Ambient Air Quality Standards) requires that 
odor not be detective at equal to or greater than 7 dilution on a Barnaby-Cheney 
scentometer at the property line of the farm from which the odor is generated. Odor is 
defined (401 KAR 53:005(3)(12)) as the property of an air contaminant that can be 
detected by the sense of smell. Air contaminant, as defined in KRS 224.005, includes 
smoke, dust, soot, grime, carbon, or any other particulate matter, radioactive matter, 
noxious acids, fumes, gases, odor, vapor or any combination thereof' (University of 
Kentucky 1988, 6). 
"In the case of agriculture, persistent offensive odors may be a basis for public 
nuisance lawsuits. The transport of odors is also associated with dust particles or 
aerosols. Odors are the volatile compounds generated during the decomposition of 
organic matter (manure). The two principal classes of odorous compounds are those 
containing sulfur (hydrogen sulfide), and those containing nitrogen in the amine form, 
e.g. ammonia. There are three primary sources or areas where odors are generated on the 
farm. They are (1) the buildings, (2)the manure storage or treatment units, and (3) the 
spreading of manure and associated wastewater on cropland as opposed to direct air 
quality standards violation. A critical aspect of controlling odors is good management" 
(University of Kentucky 1988, 7). 
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CONSTRUCTED WETLANDS FOR WASTEWATER TREATMENT 
The use of wetlands for wastewater treatment of agricultural byproducts may 
prove to be a viable alternative or supplement to existing treatment strategies (Cathcart, 
Pote, Strong, Ulmer 1993, 341; Clanton 1992, 44, 45; Kadlec, Bastiaens, Urban 1993, 
77). "Though the concept of deliberately using wetlands for water purification has only 
developed within the last 20 years, in reality human societies have indirectly used natural 
wetlands for waste management for thousands of years" (Hammer 1993, 1). Humans 
have traditionally dumped wastes into nearby streams or wetland areas. Wetlands 
processed these wastes and discharge relatively clean water just as they do for natural 
ecosystems (Gillette 1993, 39-40). This new treatment process of duplicating these 
natural processes through constructed wetlands came at a time when protection of the 
environment had become top priority for government regulatory agencies (Gillette 1993, 
39-40; Hammer 1993, 1; Hammer, Pullin, McCaskey, Eaton, Payne 1991, 343). 
"Constructed wetlands currently treat wastewater from individual homes, towns 
and small cities, mine drainage, urban stormwater runoff, livestock production, failed 
septic tank fields, land fill leachate, paper mills, tanneries, food processing plants, 
petroleum refineries and many other industrial sources on every continent except 
Antarctica. Since operation is dependent on chemical and biological processes, pollutant 
removal efficiencies decline somewhat during low temperatures but these systems are 
designed for slightly larger capacity so discharge levels remain well below permit limits" 
(Hammer 1993, 1). 
There are several ecosystems that can be considered wetlands: such as natural 
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wetlands, constructed wetlands, (Brix 1993, 12-16), restored wetlands, created wetlands, 
and floating aquatic systems (Hammer 1993, 1-2). 
"Natural wetlands are those areas where in at least periodically, the land substrate 
is predominately undrained hydraulic soil or the substrate is non-soil and is saturated with 
water or converted by shallow water at some time during the growing season of each 
year. Natural wetlands have and continue to support wetland flora and fauna" (Hammer 
1993, 1). 
"Constructed wetlands consist of former terrestrial environments that have been 
modified to create poorly drained soils, wetlands flora and fauna for the primary purpose 
of contaminant or pollutant removal from waste water. Constructed wetlands are 
essentially wastewater treatment systems and are designed and operated as such though 
many systems do support other functional values. Constructed wetlands are designed to 
transform many pollutants into gaseous forms for release to the long-term 
biogeochemical reservoir in the atmosphere or to trap others in the substrate, i.e., metals" 
(Hammer 1993, 2). 
"Restored wetlands are areas that previously supported a natural wetlands 
ecosystem but were modified or changed, eliminating typical flora and used for other 
purposes. They were subsequently altered to return to poorly drained soils with wetlands 
flora and fauna to enhance life support, flood control, recreational, educational, or other 
functional values" (Hammer 1993, 1). 
"Created wetlands formerly had well-drained soils supporting terrestrial flora and 
fauna but have been deliberately modified to establish the requisite hydrological 
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conditions. These modifications have produced poorly drained soils and wetlands flora 
and fauna to enhance life support, flood control, recreational, educational, or other 
functional values" (Hammer 1993, 2). 
"Floating aquatics systems are natural treatment systems that consist of 
specialized applications of floating plants. These are not constructed wetlands because 
they use a different conceptual design. In floating aquatics systems, the vegetation is 
used to physically take up nutrients after primary or secondary conventional treatment, 
and the plants are harvested to remove the nutrients from the system. In these cases, 
maintenance cost primarily harvesting and disposal of plant biomass, may be very high" 
(Hammer 1993, 2). 
TYPES OF WETLANDS 
There are two different types of wetlands, the surface flow wetland and the 
subsurface flow wetland. 
Surface Flow Wetlands 
Surface flow wetlands operate in the same manner as an overland flow system. 
These systems are generally shallow beds within a basin with emergent wetland 
vegetation growing in a soil medium. Wastewater is allowed to flow at a shallow depth 
across the beds, within a basin or channel (Baker, Baker, Bolton 1995, 4; Kadlec, 
Bastiaens, Urban 1993, 77; Lekven, Crites, Beggs 1993, 261, 263; Reed 1991, 44-49; 
Soil Conservation Service 1991, 6). "The basins are designed with length-to-width ratios 
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of typically 10:1 or greater ratio to achieve plug flow conditions. Bacteria attached to 
the emergent vegetation provide much of the wastewater treatment. Quiescent conditions 
within the wetlands also allow suspended solids to settle out of the flow. Although algae 
are typically not produced within a surface flow wetland system, when the emergent 
vegetation is dense enough to provide shade, efficient algae removal may not occur 
unless long retention times are present. Mosquito breeding conditions can develop in 
surface flow wetlands and the design of these systems should include ways of controlling 
'vector populations,' preferably without the use of insecticides" (Lekven, Crites, Beggs 
1993, 263). 
Subsurface Flow Wetlands 
Subsurface flow wetlands are essentially very low-rate horizontal trickling filters. 
Emergent wetland vegetation grows in a sand or gravel medium and generally is lined 
with plastic to prevent groundwater contamination through leaching. In this system, 
wastewater flows horizontally through a sand or gravel bed to prevent water from being 
exposed to the surface. The roots of the emergent wetland vegetation supply oxygen to 
bacteria within the sand or gravel medium. This system allows aerobic wastewater 
treatment process to occur even though the medium is continuously saturated (Baker, 
Baker, Bolton 1995, 4; Cooper 1993, 203-211; Lekven, Crites, Beggs 1993, 263; Reed 
1991, 44-49; Soil Conservation Service 1991, 6). 
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NATURAL VERSUS CONSTRUCTED WETLANDS 
"Both natural and constructed wetlands have been used as wastewater treatment 
systems; it has generally been found that both systems act as efficient water purification 
systems and nutrient sinks. Long retention times and extensive amount of sediment 
surface area in contact with the flowing water provides for effective removal of 
particulate matter. The sediment surfaces are also where most of the microbial activity 
affecting water quality occurs, including oxidation of organic matter and transformation 
of nutrients" (Brix 1993, 9). 
Natural wetlands are characterized by "extreme variability in functional 
components, making it virtually impossible to predict responses to wastewater application 
and to translate results from one geographical area to another" (Brix 1993, 9). Although 
significant improvement in the quality of the wastewater has generally been observed as a 
result of flow through natural wetlands, the extent of their treatment capability is largely 
unknown. The performance may change over time as a consequence of changes in 
species composition and accumulation of pollutants in the wetlands. Therefore, the 
treatment capacity of natural wetlands is unpredictable, and design criteria for constructed 
wetlands cannot be extracted from results obtained in natural wetlands (Brix 1993, 9). 
Presently, there are still too few data from natural systems to allow confident predictions 
of the treatment performance of the systems and the effects of wastewater discharge on 
receiving ecosystems. "Exploitation of this untested technology could lead to disastrous 
results in ecosystems where recovery from long-term damage could take many decades. 
Thus, natural wetlands should not be used deliberately as wastewater treatment systems, 
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but should be preserved for normal environmental conservation" (Brix 1993, 9-10). 
"Constructed wetlands can be built with a much greater degree of control, thus 
allowing the establishment of experimental treatment facilities with a well-defined 
composition of substrate, type of vegetation, and flow pattern" (Brix 1993, 10). 
Constructed wetlands have offered several additional advantages compared to natural 
wetlands. Such advantages including site selection, flexibility in sizing, and most 
importantly control over the hydraulic pathways and biological processes including 
sedimentation, precipitation, absorption to soil particles, assimilation by the plant tissue, 
and microbial transformations (Brix 1993, 10). 
CONSTRUCTED WETLANDS PURIFICATION PROCESS 
Constructed wetlands act on wastewater quality improvement through 
"sedimentation, filtration, gas transfer, absorption, ion exchange, chemical precipitation, 
chemical oxidation, and reduction, and biological conversions, and degradations (Hilton 
1993, 117)," independently operating in some circumstances and interacting in others. 
Suspended solids, reduced in part by vegetation obstructing the flow, causes a reduction 
in the velocity that enhances sedimentation and in part by filtration through the living 
vegetation. Increased water surface area for gas exchange improves dissolved oxygen 
content for decomposition of organic compounds and oxidation of metallic ions (Hilton 
1993, 117-119; Miller 1991, 1-2). 
The most important process is similar to decomposition occurring in most 
conventional treatment plants. The primary difference is the scale of the treatment area 
15 
and composition of the microbial populations. In both cases an optimal environment is 
created and maintained for microorganisms that conduct desirable transformations of 
water pollutants. Maintaining that environment, in the small treatment area of a 
conventional package plant, requires substantial inputs of energy and labor. Wetland 
systems use larger treatment areas to establish self-maintaining systems that provide 
environments for similar microbes and also support additional types of microorganisms 
because of the diversity of the microenvironments (Hammer 1993, 2-4; Miller 1991, 1-
3). 
Water purification functions of wetlands are dependent upon four principle 
components: vegetation, water column, substrate and microbial populations. The 
principle function of vegetation in wetlands systems is to create additional environments 
for microbial populations. Not only do the stems and leaves in the water column 
obstruct flow and facilitate sedimentation, they also provide substantial quantities of area, 
reactive surface, for attachment of microbes. In additional to the microbial environments 
in the water column of lagoons, wetlands have much additional surface area on portions 
of plants within the water column. Plants also increase the amount of aerobic microbial 
environment in the substrate incidental to the unique adaptation that allows wetlands 
plants to thrive in saturated soils. Most plants are unable to survive in water-logged soils 
because their roots cannot obtain oxygen in the anaerobic conditions which are rapidly 
created after inundation. However, hydrophytic or wet-growing plants have specialized 
structures in their leaves, stems and roots somewhat analogous to a mass of breathing 
tubes that conduct atmospheric gases , including oxygen, down into the roots. Due to the 
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fact that the outer covering on the root hairs is not a perfect seal, oxygen leaks out 
creating a thin film aerobic region, the rhizosphere, around each and every root hair. The 
larger region outside the rhizosphere remains anaerobic; but the juxtaposition of a large, 
in aggregate, thin film aerobic region surrounded by an anaerobic region is crucial to 
transformations of nitrogenous compounds and other substances (Hammer 1993, 2-4; 
Soil Conservation Service 1991, 18, 24). 
More importantly, plants create and maintain the litter/humus layer that may be 
linked to a thin film bio-reactor. As plants grow and die, leaves and stems falling to the 
surface of the substrate create multiple layers of organic debris, the litter/humus 
component. This accumulation of partially decomposed biomass creates highly porous 
substrate layers that provide a substantial amount of attachment surface for microbial 
organisms. Decomposing biomass also provides a durable, readily available carbon 
source for the microbial populations. The water quality improvement function in 
constructed and natural wetlands is related to and dependent upon the high conductivity 
of this litter/humus layer and the large surface area for microbial attachment. 
Consequently, the most important role of the plants is to grow and die, which explains 
why removal performance efficiencies of different plant species tend to be similar within 
broad ecological categories, i.e., emergent, submergents, and wet meadow species 
(Hammer 1993, 3). 
Vegetative materials generally take up only very small quantities of the nutrients 
or other substances removed from the effluent waters (Geiger, Luzier, Jackson 1993, 
328). Floating aquatic systems can incorporate periodic plant harvesting (i.e., water 
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hyacinth, duckweed, or Lemna systems) (Hammer 1993, 3). Plant harvesting will 
increase plant removal rates but caution must be taken when this is considered. The 
plants cannot process heavy metals, trace pesticides, or toxic substances, resulting in a 
need for testing before the plants are used for feed (Piatt 1992, 8-9, 30). 
Microbes such as bacteria, fungi, algae, and protozoa have been shown to alter 
contaminant substances to obtain nutrients or energy to carry out their life cycles. In 
addition, many naturally occurring microbial groups are predatory and will forage on 
pathogenic organisms. The effectiveness of wetlands in water purification is dependent 
on developing and maintaining optimal environments for desirable microbial populations. 
Fortunately, these microbes are ubiquitous, naturally occurring in most waters and likely 
to have large populations in wetlands and contaminated waters with nutrient or energy 
sources. Only rarely, with very unusual pollutants, will inoculation of a specific type or 
strain of microbes be needed (Hammer 1993, 3). 
The wetlands systems along with a larger treatment area frequently provide more 
complete reduction and lower discharge concentrations. "Microorganisms are removed 
by die-off, filtration, sedimentation, entrapment, predation, radiation, dissection, 
chlorination (when disinfectant is applied), and absorption" (Hilton 1993,118). Most 
removal of organic substances in municipal wastewater or metallic ions in acid mine 
drainage is accomplished by microbes - algae, fungi, protozoa and bacteria. Wetlands, as 
do conventional treatment systems, provide suitable environments for abundant masses of 
these microbial populations (Hammer 1993, 2-4; Hilton 1993, 117-119). 
"Substrates, various soils, sand, or gravel, provide physical support for plants, 
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reactive surface area for complexing ions, anions, and some compounds; and attachment 
surfaces for microbial populations" (Geiger, Luzier, Jackson 1993, 324). "Surface (the 
water column) and subsurface water transports substances and gases to microbial 
populations, carries off by-products, and provides the environment and water for 
biochemical processes of plants and microbes" (Hammer 1993, 3; Cooper 1993, 207). 
Invertebrate animals such as turtles or crayfish and vertebrate animals such as 
frogs or waterfowls harvest nutrients and energy by feeding on microbes and macrophytic 
vegetation, recycling and in some cases transporting substances outside the wetlands 
system. Functionally, these components have limited roles in pollutant transformation, 
but they have provided substantial ancillary benefits (recreational/educational) in 
successful systems. In addition, vertebrate and invertebrate animals have served as 
highly visible indicators of the health and well-being of a marsh ecosystem, providing the 
first signs of system malfunction to a trained observer. Some invertebrates and many 
vertebrates occupy upper trophic levels within the system that are dependent upon robust, 
healthy populations of micro and macroscopic organisms in the critical lower levels. The 
decline in lower level populations (including those involved in pollutant transformations) 
are reflected in changes in more visible animals in the higher levels. However, 
observations on types and numbers of indicator species must be carefully interpreted 
and/or compared to conditions in natural, unimpacted wetlands by an experienced 
wetlands ecologist since certain species thrive in overloaded, poorly operating systems 
(Hammer 1993, 3-4). 
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WETLANDS FOR TREATMENT OF SWINE AND CATTLE WASTEWATER 
Constructed wetlands have been used by both swine and dairy operations for 
wastewater treatment with similar results. Some of the indicators used to show the 
effects of the constructed wetland on the study sites have been the nitrogen concentration 
levels, the phosphorus concentration levels, the biochemical oxygen demand levels, and 
the level of total suspended solids present. 
Sand Mountain Agricultural Experiment Station has used constructed wetlands to 
filter wastewater generated by a 500-pig-per-year furrow-to-finish operation. The studies 
performed at Sand Mountain have shown that total nitrogen was decreased 83% in the 
period from November 1990 through August 1992 and Ammonia-nitrogen concentrations 
during the same time span were reduced 86% (McCaskey, Eason, Hammer, Pullin, 
Payne, Bransby 1992, 39). These studies have also indicated that overall nitrogen 
concentrations were typically reduced more than 85%. The constructed wetlands have 
also shown a reduction in the phosphorus levels by about 75% and a reduction of the 
biochemical oxygen demand levels by 85% (McCaskey, Eason, Hammer, Pullin, Payne, 
Bransby 1992; Payne, McCaskey, Eason 1993, 52). At this study site total suspended 
solids were reduced 79% during November 1990 through August 1992 (McCaskey, 
Eason, Hammer, Pullin, Payne, Bransby 1992, 39). Since 1991, reductions of total 
suspended solids have averaged 80% (Payne, McCaskey, Eason 1993, 52). 
The Coastal Plains Research Station has used constructed wetlands to treat 
wastewater from Mississippi State University's dairy herd. These studies have shown 
that the Ammonia-nitrogen level reduction averaged 52.2% and ranged from 32% to 79% 
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dependent upon the type of vegetation present. At this project site, phosphorus reduction 
levels averaged 26.6% with levels ranging from 13% to 33% dependent upon the 
substrate planted. The Mississippi State project has reported an average of 55% reduction 
in biochemical oxygen demand levels and an average reduction of 28% of total 
suspended solids and dissolved solids (Cathcart, Pote, Strong, Ulmer 1993, 342-346). 
In Iowa, testing was performed on constructed wetlands that filtered water from a 
6,500 head farm-feedlot operation. Studies have indicated a reduction in the nitrogen 
levels by 78% and a reduction in the phosphorus levels by 80%. This study site has also 
reported a 97% reduction in biochemical oxygen demand level over a five-day period. 
The Iowa farmer reported a 96% reduction in suspended solids which was "11% better 
than the suspended solids levels in the nearby river" (Roybal 1994, 26, 27, 33). 
Levels of reduction varied from one study site to another; however all locations 
indicated that the constructed wetlands were successful in the reduction of waste material. 
METHODS AND PROCEDURES 
EXPERIMENTAL DESIGN 
The constructed wetlands used in this testing process were located in Allen 
County, Kentucky, on a farm owned and operated by Pig Improvement Corporation. The 
wetland was divided into nine connected cells that cover an approximate total of 3.8 
hectares (see Diagram 1). The cells were grouped as follows for evaluating test results: 
• Upper cells (cells numbered 1 through 3), 
• Middle cells (cells numbered 4 through 6), and 
• Lower cells (cells numbered 7 through 9). 
Material was loaded from a second-stage anaerobic holding lagoon on four 
separate occasions during the testing period. 
• First load June 7 
• Second load July 6 
• Third load - - - July 20 
• Fourth load August 9 
After each load, the material was then transferred from one cell to the next by gravity 
through an eight inch PVC pipe that connects each consecutive cell. The PVC pipe was 
equipped with an elbow and riser in the upper cell that was either raised to hold the water 
or lowered to allow water to flow into the next cell. After the water traveled from the 
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Diagram 1 
SCHEMATIC OF CONSTRUCTED WETLANDS 
LCWER Cells 
(Numbers 7-9) 
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upper cell through the wetland to cell nine, the water was then transferred to a holding 
pond. This holding pond was specifically designed to hold the water until needed in the 
hog operation. 
It was expected that this water would be 100% recycled with the exception of 
losses due to evaporation and transportation. This recycling process reduces the cost to 
the facility by eliminating the amount of county water that must be purchased. 
APPLICATION OF MATERIAL 
Pig Improvement Corporation injected both clean and waste water into cells 1 and 
3 simultaneously, to protect plant material from being overloaded with nutrients 
(particularly ammonia) at a toxic level. In 1994, 3,094,600 gallons of waste material 
were added. When the material was added, it was held until the next application. 
Cell 1 is small, consequently material pumped into this cell typically overflows 
into cell 2. For purposes of this research, cells 1-3 were considered to be the upper cells 
with the exception of the July 20 loading date. On this date the quantity of material 
added to cells 1-3 was too great for these cells. In this case conclusions can be made 
from testing of the material that cell 4 was also loaded on July 20. Henceforth, on July 
20 cells 1-4 will be considered the upper cells. 
The loading method used makes looking at trends in blocked cells very 
appropriate. The content of the material can be followed as it is being moved from one 
group of cells to the next. 
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SAMPLING 
Irregular loading times made it impossible to have regular sampling periods. 
When sampling, water was collected from each collection site. Collection was performed 
by taking one water sample from each site approximately midway into the cell. To 
eliminate influence on the sample by the sampler, caution was observed when sampling 
by not stirring up solids when entering the water. Samples were collected in 500 ml 
plastic containers and sealed to prevent leakage. In addition, for Fecal Coliform Bacteria 
content, a separate water sample was placed in a 100 ml plastic container; a 
dechlorinization tablet was placed inside the sample; and the sample was then sealed. 
Samples were drawn on the following dates: 
Pre-load sample May 9, 
First sampling June 10, 
Second sampling June 21, 
Third sampling July 11, 
Fourth sampling July 18, 
Fifth sampling July 21 
Sixth sampling •August 10 
Seventh sampling August 15, and 
Eighth sampling August 22. 
ANALYSIS 
Environmental factors such as precipitation or drought periods cannot be 
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controlled in an experiment of this nature. Therefore, in this experiment, the usual 
statistical analysis of the data is impossible due to the overwhelming number of variables, 
particularly lack of duplication or replication. 
Trends played an invaluable part in deciphering the efficiency of the constructed 
wetlands. It was possible to look at data collected before material was added to the 
wetlands and see where levels theoretically would be. It was also possible to look at the 
data on each sampling date for the year. Finally, the material was blocked into upper, 
middle, and lower cells to watch the material as it passed through the wetlands. This 
grouping gave the best understanding of how the material was acted upon by the 
vegetative material and the total wetland system complex. 
All analyses were performed by standard testing procedures and methods. Testing 
of dissolved oxygen was performed on site using standard testing procedures for the 
Dissolved Oxygen Meter. 
All remaining tests were performed by Western Kentucky University 
Environmental Laboratory. 
• Ammonia nitrogen testing was performed by using standard method 
guidelines, 4500-NH3, 4-75 (Standard Methods 1992). 
• Nitrate nitrogen testing was performed by using standardized Nitrate 
Probe methods/procedures, 4500-N03, 4-75 (Standard Methods 1992). 
• Total Phosphorus testing was performed by conversion of phosphorus 
found in phosphate forms into its various forms by standard method and 
procedure 4500 P, 4-108 (Standard Methods 1992). 
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• Analysis for total suspended solids and dissolved solids were performed 
simultaneously according to standard procedure, 2540 Solids, 2-51 
(Standard Methods 1992). 
• Biological Oxygen Demand testing was performed by standard procedures 
for Biochemical Oxygen Demand, 5210-BOD, 5-1 (Standard Methods 
1992). 
• Fecal Coliform testing was performed using standard methods and 
procedures as stated by method 9222D Fecal Coliform Membrane Filter 
Procedure (Standard Methods 1992). 
RESULTS 
The data were graphed, and the effectiveness of the wetland cells in purification 
of swine waste was determined by the changes observed in the eight indicators used in 
this study: ammonia nitrogen, nitrate nitrogen, total phosphors, total suspended solids, 
dissolved solids, dissolved oxygen, biological oxygen demand, and fecal coliform 
bacteria. 
AMMONIA NITROGEN 
In evaluating all data for ammonia nitrogen in the sampling period, the data 
indicated an idealistic trend. Ideally, in ammonia nitrogen, one would expect to see a 
downward trend in ammonia indicating that the hydrogen in ammonia is being replaced 
by oxygen and forming nitrate. On every sample date, it was observed that the highest 
levels of ammonia were found in cells 1-3 with a dramatic decrease in each of the 
following cells all the way to cell 9. In cell 9, it was observed that levels are consistently 
within the range observed on May 9 before material was added except for one period. 
The exception was further studied by looking at the blocks as material was passed from 
the upper cells to the middle cells and finally into the lower cells. 
First load. June 7 was the first time in 1994 that material was added to the cells. 
The reduction in ammonia nitrogen is illustrated in Graph 1. On June 10, four days later, 
the first testing period after the material was added, the upper cells contained an average 
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of 56.7 Mg/L of ammonia. On June 21, day 15, an average of 80.53 Mg/L in the upper 
cells was observed. At the same time, it was observed in the middle cells that an average 
of 24.27 Mg/L was present. This increase in the middle cells indicated that some of the 
material had passed into this section. On July 11, day 35, all material had passed out of 
the upper cells. 
The middle cells now averaged 10.5 Mg/L. The average of the lower cells was 
now 2.26, indicating some effluent had reached these cells. On July 18, day 42, all 
material appears to have reached the lower cells. At this point, ammonia level in the 
lower tier averaged 0.93 Mg/L. 
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Second load. July 7 was the second loading period in 1994 where material was 
added to the upper cells (Graph 2). On July 11, day six, the first testing period after the 
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material was added, it was observed that the upper cells contained an average of 99.7 
Mg/L of ammonia. On July 18, day 13, the data indicated an average of 30.07 Mg/L in 
the upper cells. At the same time, an average of 10.3 Mg/L was observed in the middle 
cells. On July 21, day 16, all material that had passed out of the upper cells was present. 
The middle cells now averaged 5.35 Mg/L. The average of the lower cells was found to 
be 0.5 Mg/L. The level of ammonia in the middle and lower cells indicated that the 
wetlands were working and removing ammonia. 
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Third load. July 20 was the third time in 1994 that material was added to the 
cells (Graph 3). On July 21, day two, the first testing period after the material was added, 
the upper cells contained an average of 75.25 Mg/L of ammonia. On August 10, day 22, 
all material had passed out of the upper cells. At this time, the data indicated an average 
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of 57.57 Mg/L in the middle cells. At the same time, it was observed in the lower cells 
that an average of 25.2 Mg/L was present. On August 15, day 27 the middle cells now 
averaged 31.65 Mg/L and the lower cells were now 2.26 Mg/L. On August 22, day 34, it 
was unclear whether this was the material that was left from the effluent being added on 
July 20 or if this material was being affected from the material added on August 9. At 
this point ammonia level in the lower tier averaged 5.13 Mg/L with 14.0 Mg/L being in 
cell 7, 0.6 Mg/L in cell 8, and 0.8 Mg/L in cell 9. 
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Fourth load. August 9 was the last loading period in 1994 for the upper cells 
(Graph 4). On August 10, day 2, after the material was added, it was observed that the 
upper cells contained an average of 35.57 Mg/L of ammonia. On August 15, day 7, the 
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data indicated an average of 39.43 Mg/L in the upper cells. At the same time, it was 
observed that the middle cells averaged 31.65 Mg/L. On August 22, day 14, all material 
had passed out of the upper cells. The middle cells now contained an average of 17.93 
Mg/L. The average of the lower cells at this point was 5.13 Mg/L. 
Graph 4 
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NITRATE NITROGEN 
First load. June 7 was the first time in 1994 that material was added to the 
wetland cells. The flow of nitrate through the wetlands can be seen in Graph 5. On June 
10, day 4, the first testing period after the material was added, it was determined that the 
upper cells contained an average of 0.242 Mg/L of nitrate. On June 21, day 15, the data 
indicated an average of 0.510 Mg/L nitrate was present in the upper cells. At the same 
time, it was observed that the middle cells averaged 1.017 Mg/L. By July 11, day 35, all 
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material had passed out of the upper cells. The middle cells now averaged 0.967 Mg/L. 
The average of the lower cells was now 0.290 Mg/L, indicating some effluent had 
reached these cells. On July 18, day 42, all material appeared to have reached the lower 
cells. At this point, nitrate level in the lower tier averaged 0.100 Mg/L. The decrease in 
nitrate at this point indicated that ammonia nitrogen had transferred some nitrogen into 
nitrate nitrogen and finally had completed the cycle by releasing nitrogen into the 
atmosphere or allowing it to be utilized by plants or microbes. 
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Second load. July 6 was the second loading period in 1994 at which time 
material was added to the upper cells (Graph 6). On July 11, day 6, the first testing 
period after the material was added, it was observed that the upper cells contained an 
average of 0.553 Mg/L of nitrate. On July 18, day 13, the data indicated an average of 
0.857 Mg/L in the upper cells, and, at the same time, an average of 0.467 Mg/ L was 
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observed in the middle cells. On July 21, day 16, all material had passed out of the upper 
cells. The middle cells now averaged 3.400 Mg/L. The average of the lower cells was 
now 2.800 Mg/L. The shift from low levels of nitrate to higher levels of nitrate 
demonstrated the expected results. 
Third load. July 20 was the third time in 1994 that material was added to the 
cells, and the results are illustrated in Graph 7. On July 21, two days later, the first 
testing period after the material was added, the data indicated that the upper cells 
contained an average of 0.100 Mg/L of nitrate. At the next testing, August 10, day 22, all 
material had passed out of the upper cells. The data indicated an average of 0.810 Mg/L 
nitrate in the middle cells, and, at the same time, it was observed that the lower cells 
contained an average of 2.733 Mg/L. On August 15, day 27, the middle cells averaged 
0.355 Mg/L, and the lower cells averaged 1.550 Mg/L. On August 22, day 34, it was 
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unclear whether this was the material that was left from the effluent being added July 20 
or if this material was being affected from the material added August 9. At this point, the 
nitrate level in the lower tier averaged 0.100 Mg/L. Once again, it was observed that 
nitrogen transformed from the form of ammonia into nitrate and then was released into 
the atmosphere. 
Fourth load. August 9 was the last loading period in 1994 for the upper cells 
(Graph 8). On August 10, day 2, after the material was added, the data indicated that the 
upper cells contained an average of 0.333 Mg/L of nitrate. On August 15, day 7, an 
average of 1.433 Mg/L was observed in the upper cells. At the same time, it was 
observed that the middle cells averaged 0.355 Mg/L. On August 22, day 14, all material 
had passed out of the upper cells. The middle cells now average 0.483 Mg/L. The 
average of the lower cells was then 0.100 Mg/L. Low levels of material were added to 
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the wetlands on August 9. The low application rate appeared to have allowed nitrate 
levels to rise and then fall quickly. 
Graph 8 
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TOTAL PHOSPHORUS 
First load. June 7 was the first time in 1994 that material was added to the cells. 
The reduction in total phosphorus is illustrated in Graph 9. On June 10, four days later, 
the first testing period after the material was added, it was observed that the upper cells 
contained an average of 29.67 Mg/L of total phosphorus. On June 21, day 15, the data 
indicated an average of 19.00 Mg/L in the upper cells. At the same time, it was observed 
that the middle cells contained an average of 17.87 Mg/L. On July 11, day 35, all 
material had passed out of the upper cells. The middle cells averaged 10.90 Mg/L. The 
average of the lower cells was 4.45 Mg/L, indicating some effluent had reached these 
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cells. On July 18, day 42, all material appeared to have reached the lower cells. At this 
point, phosphorus levels in the lower tier averaged 5.67 Mg/L. 
Second load. July 6 was the second loading period in 1994 at which time 
material was added to the upper cells (Graph 10). On July 11, day six, the first testing 
period after the material was added, it was observed that the upper cells contained an 
average of 24.47 Mg/L of total phosphorus. On July 18, day 13, an average of 13.87 
Mg/L was observed in the upper cells. At the same time, the data indicated that the 
middle cells contained an average of 13.47 Mg/L total phosphorus. On July 21, day 16, 
all material had passed out of the upper cells. The middle cells now averaged 12.7 Mg/L. 
The average of the lower cells was 8.73 Mg/L total phosphorus. 
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Third load. July 20 was the third time in 1994 that material was added to the 
cells, and the reduction can be seen in Graph 11. On July 21, two days later, the first 
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testing period after the material was added, the upper cells contained an average of 19.58 
Mg/L of total phosphorus. On August 10, day 22, all material had passed out of the 
upper cells. The data averaged 1.42 Mg/L in the middle cells. At the same time, it was 
observed on day 14, that all the lower cells averaged 0.54 Mg/L. On August 15, day 27, 
the middle cells averaged 14.00 Mg/L, and the average of the lower cells was 9.67 Mg/L. 
On August 22, day 34, it was unclear whether this was the material left from the effluent 
added on July 20 or if this material was being affected from the material added on August 
9. At this point, total phosphorus levels in the lower tier average 7.33 Mg/L with 12.00 
Mg/L being in cell 7, 6.00 Mg/L in cell 8, and 4.00 Mg/L in cell 9. 
Fourth load. August 9 was the last loading period in 1994 for the upper cells 
(Graph 12). On August 10, day 2, after the material was added, it was observed that the 
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upper cells contained an average of 0.17Mg/L of total phosphorus. On August 15, day 7, 
the data indicated an average of 12.33 Mg/L total phosphorus in the upper cells. At the 
same time, it was observed that the middle cells averaged 14.00 Mg/L. On August 22, all 
material had passed out of the upper cells. The middle cells now averaged 15.00 Mg/L. 
The average of the lower cells was now 7.33 Mg/L of total phosphorus. 
TOTAL SUSPENDED SOLIDS 
First load. June 7 was the first time in 1994 that material was added to the cells. 
The flow of material is illustrated in Graph 13. On June 10, four days later, it was 
observed that the upper cells contained an average of 419.7 Mg/L of total suspended 
solids (TSS). On June 21, day 15, an average of 703.7 Mg/L TSS was observed in the 
upper cells. At the same time, the data indicated that the middle cells averaged 528.7 
Graph 13 
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Mg/L. On July 11, day 35, all material had passed out of the upper cells. The middle 
cells now contained an average of 148.0 Mg/L TSS, and the average of the lower cells 
was 62 Mg/L, confirming once again that some effluent had reached these cells. On July 
18, day 42, all material appeared to have reached the lower cells. At this point, the TSS 
level in the lower tier averaged 60.0 Mg/L. 
Second load. July 6 was the second loading period in 1994 where material was 
added to the upper cells (Graph 14). On July 11, day six, the first testing period after the 
material was added, the data indicated that the upper cells contained an average of 46.0 
Mg/L of TSS. On July 18, day 13, it was observed that an average of 34.0 Mg/L was 
present in the upper cells. At the same time, that data indicated that the middle cells 
averaged 82.0 Mg/L. On July 21, day 16, all material had passed out of the upper cells. 
The middle cells now averaged 125.5 Mg/L. The average of the lower cells was 110.0 
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Mg/L of TSS. On August 3, day 29, the data indicated that 36.0 Mg/L of TSS was 
present in the lower cells. 
Third load. July 20 was the third time in 1994 that material was added to the 
cells (Graph 15). On July 21, two days later, the first testing period after the material was 
Graph 15 
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added, it was observed that the upper cells contained an average of 61.5 Mg/L of TSS. 
On August 3, day 15, 360 Mg/L was observed in the upper cells. On August 10, day 22, 
all material had passed out of the upper cells. The data now indicated an average of 27.7 
Mg/L TSS in the middle cells. At the same time, it was observed that the lower cells 
averaged 34.3 Mg/L of TSS. On August 22, day 34, it was unclear whether this was the 
material that was left from the effluent being added July 20 or if this material was being 
affected from the material added on August 9. At this point, TSS levels in the lower tier 
42 
averaged 33.0 Mg/L. 
Fourth load. August 9 was the last loading period in 1994 for the upper cells 
(Graph 16). On August 10, day 2, after the material was added, it was observed that the 
upper cells contained an average of 52 Mg/L of TSS. On August 22, day 14, all material 
had passed out of the upper cells. The middle cells now averaged 30.0 Mg/L. The average 
of the lower cells was now 33.0 Mg/L of TSS. 
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DISSOLVED SOLIDS 
First load. June 7 was the first time in 1994 that material was added to the cells 
(Graph 17). On June 10, four days later, the first testing period after the material was 
added, the data indicated that the upper cells contained an average of 692.0 Mg/L of 
dissolved solids (DS). On June 21, day 15, it was observed that an average of 744.3 
43 
Mg/L DS was in the upper cells. At the same time, the data indicated that the middle 
cells averaged 799.0 Mg/L. This increase in the middle cells indicated that some of the 
material had passed into this section. On July 11, day 35, all material had passed out of 
the upper cells. The middle cells averaged 664.0 Mg/L DS, and the average of the lower 
cells was 535.5 Mg/L, indicating some effluent had reached these cells. On July 18, day 
Graph 17 
DISSOLVED SOLIDS LEVELS IN WETLAND CELLS 
FOLLOWING EFFLUENT ADDED ON JUNE 7 
800 
(J 700 -
u 600 _ 
500 
— 
f -y 4 0 0 
D 
o 
300 
^ 200 
5 100 
0 , 
692 
DATE 6/10 
DAY 4 
744.3 
D I S S O L V E D S O L I D S 
779 
664 
6/21 
15 
600 
• upper 
• middle 
• lower 
EFFLUENT 
ADDED 
6/7/94 
42, all material appeared to have reached the lower cells. At this point, DS level in the 
lower tier averaged 600 Mg/L. 
Second load. July 6 was the second loading period in 1994 where material was 
added to the upper cells. The flow of this material is illustrated in Graph 18. On July 11, 
day six, the first testing period after the material was added, it was observed that the 
upper cells contained an average of 967 Mg/L of DS. On July 18, day 13, an average of 
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472.0 Mg/L was observed in the upper cells. At the same time, the middle cells averaged 
559.0 Mg/L. On July 21, day 16, all material had passed out of the upper cells. The 
middle cells now averaged 591.5 Mg/L DS and the average of the lower cells was 445 
Mg/L. The level of DS in the middle and lower cells indicates that the wetlands were 
working properly. On August 3, day 29, an average of 322 Mg/L DS was observed in the 
lower tier. 
Third load. July 20 was the third time in 1994 that material was added to the 
cells (Graph 19). On July 21, two days latter, the first testing period after the material 
was added, the upper cells contained an average of 731.8 Mg/L of DS. On August 3, day 
15, the data indicated 360.0 Mg/L DS in the upper cells and 282.0 Mg/L in the middle 
cells. On August 10, day 22, all material had passed out of the upper cells, and an 
average of 738.7 Mg/L was observed in the middle cells. At the same time, the lower 
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cells averaged 555.0 Mg/L. On August 15, day 27, the middle cells averaged 722.0 
Mg/L, and the lower cells were now 464.0 Mg/L. On August 22, day 34, it was unclear 
weather this was the material that was left from the effluent being added on July 20 or if 
Graph 19 
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this material was being affected from the material added on August 9. At this point, DS 
levels in the lower tier averaged 447 Mg/L. 
Fourth load. August 9 was the last loading period in 1994 for the upper cells 
(Graph 20). On August 10, day 2, after the material was added, the upper cells contained 
an average of 474.0 Mg/L DS. On August 15, day 7, an average of 722 Mg/L DS was 
observed in the upper cells. By August 22, day 14, all material had passed out of the 
upper cells. The middle cells now averaged 648.0 Mg/L, and the average of the lower 
cells was now 447.0 Mg/L DS. 
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BIOLOGICAL OXYGEN DEMAND AND DISSOLVED OXYGEN 
First load. Expectations were to find biological oxygen demand (BOD) 
decreasing as dissolved oxygen (DO) increases due to an increase in plant activity or 
wetland function. On June 7, effluent was added and flowed through the wetlands. On 
June 10, day 4, the material was sampled and observed. At this time, 252.7 Mg/L BOD 
demand and 1.15 Mg/L DO were observed (Graphs 21 and 22). On June 21, day 15, 
there had only been a slight drop in BOD. At this point, the tested material contained 
246.0 Mg/L BOD in the upper cells and 219.0 Mg/L BOD in the middle cells. At this 
same point, DO levels were 1.10 Mg/L in the upper cells and 1.00 Mg/L in the middle 
cells. This lack of increase in DO levels indicated that plant activity levels were still low. 
On July 11, day 35, BOD levels had dropped significantly. The middle cells contained an 
average of 44.0 Mg/L BOD, and the lower cells contained 5.5 Mg/L BOD. 
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Dissolved Oxygen increased during this testing period to 2.60 Mg/L in the middle cells 
and 3.70 Mg/L in the lower cells. On the last testing period, July 18, day 42, in this flow 
section, levels of BOD had decreased to 2.0 Mg/L ,and, at the same time, DO levels had 
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increased to 3.93 Mg/L. 
Second load. There was insufficient data collected in the BOD sampling as 
material flowed through the cells from the July 6 loading date to take averages and make 
comparisons to DO levels. 
Third load. July 20 material was loaded into cells 1-4. The test results are 
shown in Graphs 23 and 24. July 21, day 2, testing showed that BOD levels averaged 
91.25 Mg/L and DO levels were 1.28 Mg/L in cells 1-4. On August 10, day 22, all 
material had left the upper cells. The data now indicated 90.67 Mg/L BOD in the middle 
cells and 46.0 Mg/L BOD in the lower cells. This reading for BOD gave the expected 
reaction of low DO levels, 1.87 Mg/L in the middle cell. In the lower cells, levels of DO 
being 4.87 Mg/L were observed. The BOD level at 46.0 Mg/L indicates that some 
material had reached the lower cells, but the DO level being at 4.87 Mg/L indicates that 
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biological activity was still high. On August 15, day 27, the majority of material had 
been transferred from the middle cells and placed into the lower tier. This transfer can be 
observed by BOD levels in the middle cells being reduced to 6.0 Mg/L and levels in the 
lower tier being 76.0 Mg/L. The effect of this transfer on DO was to allow more 
biological activity to take place in the middle cells, increasing DO levels to 3.05 Mg/L 
and reducing DO levels in the lower tier to 1.50 wetland on July 20. At this point, it was 
observed that an average of 17.0 Mg/L BOD and 2.20 Mg/L DO was present in the lower 
cells. There was an indication that some material from the August 9 loading period had 
entered the lower cells, yet trends were still observed for decreasing BOD and increasing 
DO levels as material passed through the wetlands. 
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Fourth load. August 9 was the last date material was added into the wetlands 
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and traced as it flowed through the wetlands. August 9, day 2, material was loaded at the 
rate of 66 Mg/L BOD, resulting in a 1.27 Mg/L DO level. On August 15, day 7, readings 
of 1.20 Mg/L DO in the upper cells and 3.05 Mg/L in the middle cells were observed. 
These levels, shown in Graphs 25 and 26, indicated that little change had taken place in 
the upper cells, and also indicated that little, if any, material had reached the middle cells. 
We do not have levels of BOD for August 15, but on August 22, day 14, all material 
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had passed out of the upper cells. Levels of BOD in the middle cells were 44 Mg/L and 
17 Mg/L in the lower cells, indicating a decrease in BOD during the August 10 testing 
period. In this same testing period, the data indicated levels of DO had increased to 1.53 
Mg/L in the middle cells and 2.20 Mg/L in the lower cells. This increase is a reasonable 
one in DO over a 14 day period. 
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Graph 26 
DISSOLVED OXYGEN LEVELS IN WETLAND CELLS 
FOLLOWING EFFLUENT ADDED ON AUGUST 9 
DISSOLVED OXYGEN 
3.5 
3 
J 
O 2.5 
2 
1.5 
1 . 
0.5 
0 
1.27 
D A T E 8/10 
D A Y 2 
t u t 
1.20-
8/15 
7 
• "PPer 
] middle 
• lower 
EFFLUENT 
ADDED 
8/9/94 
FECAL COLIFORM BACTERIA 
First load. June 10, day 4, was the first testing period for fecal coliform (FC) 
after material was added on June 7 (Graph 27). On this testing date, it was observed that 
an average of 10,667 FC bacteria/ 100 ml in the upper cells was present. As observations 
were noted from other testing performed, some of the material had entered the middle 
cells, resulting in 670 FC/100 ml being found in the middle cells during this testing 
period. On July 11, day 35, the data indicated that 454 FC/ 100 ml was present in the 
lower cells. During this testing period, a large decrease in FC between the first and 
second testing periods was found. It was also observed that the continuation of a 
decreasing trend between the second and third testing periods was present, yet at a 
decreasing rate. 
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Second load. For the July 6 testing date, there was a lack of data collected to 
perform averages and observe the material as it flowed through the system. 
Third load. July 20 was the next testing date in which material was loaded into 
cells 1-4. In this case, cells 1-4 were considered the upper cells. On July 21, day 2, the 
data indicated an average of 60,000 FC/ 100 ml in the upper cells (Graph 28). On August 
10, day 22, it was observed that an average of 14,000 FC/100 ml was present in the 
upper cells and 7, 424 FC/ 100 ml in the lower cells. On August 15, day 27, the ability to 
take averages was not present, but, on this date, 1,532 FC/ 100 ml was found in cell 6 and 
100 FC/ 100 ml in cell 9. On August 22, day 34, once again, the data was not available to 
take comparative averages, but in cell 8, only 10 FC/ 100ml was observed. Even though 
comparative ability in the last half of this testing period is limited, the data that was 
present gave a good indication that the wetlands were working properly in reducing FC. 
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Fourth load. August 9 was the last time material was added to the wetlands 
where data was available to trace the flow of material through the wetlands (Graph 29). 
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On August 10, day 2, after material was added, the upper cells average 60,000 FC/ 100 
ml. On August 15, day 7, it was observed that 1,532 FC/ 100 ml in cell 6 was present. 
At this point, it was questionable whether this observation was representative of the 
middle cells or if this sample was still being influenced by material added on July 20. 
August 22, day 14, was our last testing date. At this point, all material had passed out of 
the upper cells. Thus, the single test in cell 5 was a good indicator of the middle cells, 
and cell 8 was also a good indicator for the lower cells. At this point, cell 5 contained 
396 FC/ 100 ml, and cell 8 contained 10 FC/100 ml. 
SUMMARY AND RECOMMENDATIONS 
SUMMARY 
The objectives of this study were to observe the effect of constructed wetlands on 
swine wastewater and to determine the focus for further study. In this study, it was 
observed that the constructed wetlands met or exceeded all expectations with the 
exception of some individual data results for specific cells. These exceptions could be 
explained only by variation in sampling or in testing. 
Ammonia showed decreasing trends in every period. This decrease in ammonia 
concentrations was consistent with the expected ammonia nitrogen, releasing nitrogen 
into available nitrogen. It was expected from other research (McCaskey, Eason, 
Hammer, Pullin, Payne, and Bransby 1992, 39; Cathcart, Pote, Strong, Ulmer 1993, 345) 
that nitrate levels would be low when material was first placed into the cells. It was also 
expected that these levels would rise as ammonia nitrogen level was reduced and some of 
the nitrogen was biochemically transformed into nitrate nitrogen. This trend occurred, 
but in addition to this rise, the data indicated a fall of nitrate levels as time elapsed. This 
decrease indicated that nitrogen had completed the cycle from the original ammonia 
nitrogen into nitrate nitrogen and was finally being taken up by the plant material and/or 
released as nitrogen gas. 
Total phosphorus showed a decrease in levels during the experimental period. 
55 
56 
This trend was consistent with research reported previously (Roybal 1994, 27). On 
August 10 unexplainably low test results were found in all cells. Test values were low 
enough to assume a variation in sampling might have occurred. By removing this testing 
period, the data indicated a slow but acceptable decreasing trend, as verified by the 
material being loaded into cells 1-4 instead of the usual loading site of cells 1-3. Without 
the August 10 testing date being included, a reasonable decrease between the upper and 
middle cells was found on August 15 as compared to the middle and lower cells on 
August 22 for this short period. 
When the data for total suspended solids were observed, some interesting and 
unexpected results were found. Expectations were to see a reduction in total suspended 
solids during each testing cycle (Reed 1991,44-49). From the first testing date to the last, 
this decrease was observed in total suspended solids, but the results showed an actual 
increase in total suspended solids from the first testing date to the middle testing date 
during each cycle. This trend occurs during each testing period, except the last, where the 
total amount of effluent added was believed to be less than average. 
The wetland treatment system performed the job of reducing levels of dissolved 
solids. In every case, it was observed that a reduction occurred from the first testing 
period when compared to the last. During the testing cycle a consistent decrease in 
dissolved solids was not observed. Further study should be conducted to determine the 
causes for the fluctuation in this area. 
Dissolved oxygen and biological oxygen demand showed an inverse relation. In 
every case biological oxygen demand decreased with the passing of time. This decrease 
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in biological oxygen demand allows dissolved oxygen levels to increase (Cathcart, Pote, 
Strong, Ulmer 1993, 341-345). The increase in plant activity was considered crucial in 
the process of oxygen formation and oxygen being transferred into the water. 
The removal of Fecal Coliform Bacteria was the most impressive of all the data 
collected. The test results observed were similar to that found in other experiments 
previously performed by other researchers (Hammer, Pullin, McCaskey, Eaton, Payne 
1991, 343-347). The majority of Fecal Coliform Bacteria was removed in the upper cells 
of the wetlands. As material passed through the rest of the wetland cells, Fecal Coliform 
Bacteria continued to decrease at a slower, but acceptable rate. 
In conclusion, the data indicated that the constructed wetlands were effective in 
the waste management at this large swine production unit. 
RECOMMENDATIONS 
The study of these constructed wetlands was very positive and should encourage 
further study. One of the objectives of this study was to determine if there are areas in 
need of further study. Improvements need to be made in design so statistical treatment, 
when applied to the wetlands, becomes more meaningful. Primarily, loading times and 
quantity of material injected need to be regulated. These improvements will give 
researchers an improved opportunity to make comparisons between the different loading 
periods. 
A total management system could be installed to handle any one of many possible 
projects. Different flow systems such as continuous flow versus the batch flow system 
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that was used in this study should be considered. Dilution levels of nutrients could be 
compared to give maximum efficiency. Different vegetative matter could be compared to 
demonstrate what plant material would be best to improve the environment for microbial 
populations on a regional basis. A study of temperature effect could give an idea of the 
effect of the seasons on the efficiency of the wetland system. A good management 
system could also include the plant versus microbial bacterial activity in the 
transformation of material into purified water. Finally, a separate study could focus on 
the rich water exiting the wetlands for aquaculture. 
APPENDIX 
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